Introduction
Plant parasitic nematodes, particularly rootknot nematodes, are widely distributed and cause significant yield losses in a wide range of crops (Sasser and Freckman, 1986) . Meloidogyne incognita is a limiting factor affecting production of vegetables including Bottle gourd in India. The loss to Indian agriculture is estimated at aboutRs.210 crore annually (Jain et al., 2007) . Since use of chemicals is prohibitive as well as hazardous, attention has now been directed towards use of biopesticides, Purpureocillium lilacium, Pseudomonas fluorescens, Trichoderma viride and Pochonia chlamydosporium has a good potential as biocontrol agent to manage rootknot nematode, M. incognita (Mane and Mahase, 2017) . Nematode management through biocontrol agents is gaining importance in the new millennium as other measures have become less attractive to The nematicidal effect of Purpureocillium lilacium, Pochonia chlamydosporia, Pseudomonas fluorescens singly or in combination were tested against root-knot nematodes under open field conditions. In the present study, the efficacy of four biocontrol agents was tested against Meloidogyne spp. The results revealed that soil application of vermicompost @2.5 tons/ha enriched with P. lilacinum @ 2.5 kg + vermicompost @ 2.5 tons of /ha enriched with P. fluorescens @ 2.5 kg/ha (T4) proved effective to manage root-knot nematode, Meloidogyne spp. and hence increased bitter gourd fruit yield as compared to other treatments. The experiment proved that application of different biocontrol agents (P. lilacinum and P. chlamydosporia and P.fluorescens) not only has a lethal effect on nematode, but also enhances the plant growth, supplying many nutritional elements and induce the systemic resistance in plants. Through this investigation we could standardize a strategy for the sustainable management of nematode in bitter gourd. growers/farmers where economics demand specialization and intensification. In the last decade nematode management through biocontrol agents was in the forefront of research and development. Management of plant parasitic nematodes through ecofriendly means is the need of this era. In view of the increasing awareness about environment and demand of organic farming, the present study was initiated to investigate the efficacy of different bioagents against root-knot nematodes, on Bottle gourd under field conditions.
Materials and Methods
The experiment was carried out in root-knot nematodes (Meloidogyne incognita and M. javanica) infested field at the initial population density ranging from 214-242 J 2 per 200 g of soil at Department of Nematology, B. A. College of Agriculture, Anand Agricultural University, Anand during Kharif 2016 to 2018. Treatment combinations of bionematicide were given in Table 1 .
Thus making a total of ten treatments including control was practiced in a Randomized Block Design with three replications. Bitter gourd variety Aakash was sown with100 x 150 cm spacing in 3.0 x 7.5 m plot size. Vermicompost alone, vermicompost enriched with bio agents and FYM enriched with Bacillus pumilus were broadcasted in the plots and mixed with soil. Carbofuran was applied at the seeding spot and mixed with soil.
Then two seeds per spot were sown as per the recommended spacing. For treatment no. 7, after sowing plots were covered with green leaves of Sun hemp. All recommended agronomical practices were followed during experimentation. Observations on bitter gourd fruit yield at every picking, root-knot index at harvest and final soil and root nematode population were recorded and the data were subjected to statistical analysis.
Results and Discussion
The year wise data on efficacy of bio agents against Meloidogyne spp. in bittergourd are presented in Table 2 , 3 and 4 while pooled over years data are presented in Table 5 .
During the first year (2016),bitter gourd fruit yield was significantly higher in the treatment of soil application of Purpureocillium lilacinum@ 2.5 kg along with 2.5 tons of vermicompost/ha + Pseudomonas fluorescens @ 2.5 kg/ha along with 2.5 tons of vermicompost/ha (T 4 ) but statistically it did not differ with T 1 and T 5 .
Root-knot index were noticed non significant. Final nematode population from soil was significantly less in the treatment of T 4 . However, it was at par with T 1 and T 2 . Non significant differences were noticed among the treatments in final nematode population from roots (Table 2) .
During the second year of experimentation (2017), maximum yield (10.483 t/ha) was recorded in T 4 even though it did not differ significantly from T 1 , T 2 , T 5 ,T 6 , T 7 and T 8 . Soil application of P. lilacinum@ 2.5 kg along with 2.5 tons of vermicompost/ha + P. fluorescens @ 2.5 kg/ha along with 2.5 tons of vermicompost/ha has significantly less rootknot index (1.74) as compared to other treatments. However, it remained at par with T 1 .Final nematode population from soil was found non significant among the treatments. Whereas nematode population in roots was lowest (2.558) in the treatment of T 8 . However, it remained at par with T 3 , T 4 and T 5 (Table 3 ). In the year 2018, treatment T 4 gave significantly higher yield (8.38 t/ha) as compared to rest of the treatments except T 1 . Differences for root-knot index among different treatments were found non significant. Final nematode population in soil was significantly less (1.977) in the treatment T 4 and it remained at par with T 1 .
While nematode population in root was lowest (2.566) in T 4 even though statistically it was at par with T 1 , T 2 and T 8 (Table 4 ).
Data were pooled at the end of three years (2016,17and 2018) . Results shows that soil application of P. lilacinum (cfu 2x 10 6 ) @ 2.5 kg/ha along with 2.5 tons of vermicompost/ha + P. fluorescens (cfu 2x 10 6 ) @ 2.5 kg/ha (T 4 ) gave significantly highest yield (8.02 t/ha), but it did not differ significantly from T 1 and T 5 . In case of root-knot index, it was lowest (1.84) in T 4 and was at par with T 1 , T 2 , T 5 , T 6 , T 8 and T 9 . Soil nematode population at harvest, it was minimum in T 4 followed by T 1 , both were at par with each other and also not differed significantly from T 2 , T 3 , T 5 , T 6 and T 8 (Table  5 ).
On foregoing discussion and based on effective nematode control as well as yield the treatment comprising soil application of vermicompost @2.5 tons/ha enriched with P. lilacinum@ 2.5 kg + vermicompost @ 2.5 tons of /ha enriched with P. fluorescens @ 2.5 kg/ha proved effective to manage root-knot nematode, Meloidogyne spp. and hence increased bitter gourd fruit yield as compared to other treatments. The best protection against the Meloidogyne spp. was observed on the integration of vermicompost, which resulted increased plant growth and reduced build up of nematode and root galling.
It may be indicated on the basis of findings by various workers that nematophagous fungi are capable of producing toxic substances in the presence of suitable substrate in rhizosphere of plants. The presence of high population of such fungi in the rhizosphere where nematode population is also high may help in reducing the deleterious effects of nematodes on plants by suppressing their population.
Several authors proved that efficacy of combinations of more than one bio-agent can provide greater protection against disease than that of a single bio-agent Izhar et al., 1995; Rao et al., 2004) .In several reports, the combination of two fungal bioagents (Aspergillus spp., toxic, and Paecilomyces spp., egg parasitic) was found more effective than a single bioagent against M. incognita, resulting in better plant growth (Verma et al., 2009) . Parveen et al., (1998) reported the combined efficacy of P. aeruginosaand P. lilacinus in reducing disease complex caused by the root knot nematode Meloidogyne javanica (Treub) Chitw. and the fungi Macrophomina phaseolina (Tassi) Goid. And Fusarium oxysporum (Synder et Hansen) on pumpkin and F. solani (Mart.) Sacc. on watermelon. Similar results of present investigations of effectiveness of P.lilacinus are in agreement with those reported by Siddiqui et al., (2000) who studied the efficacy of Pseudomonas aeruginosa alone or in combination with Paecilomyces lilacinus against root knot nematode and root infecting fungi under laboratory and field conditions. The inhibitory effects on egg hatching of root knot nematode due to application of P. lilacinus and T.virideis also reported by Goswami and Singh (2004) under laboratory conditions. Paecilo myceslilacinus fungus followed by Pseudomonas fluorescens caused higher rate of juvenile mortality at 1.00 per cent concentration was found to be promising in laboratory bioassay studies and recorded 80.00 per cent mortality of second stage juveniles of root-knot nematode infesting bottle gourd under laboratory conditions (Mane and Mahase, 2017) . Mulching with green leaves of Sunhemp @ 3 kg/m 2 T 8
Bacillus pumilus @ 2.5 kg + 2.5 t FYM/ha ........... Bp + sunhemp T 9
Carbofuran 10 g/m 2 T 10 Untreated Control Trichoderma viride strain T6 applied alone and in combination against root-knot nematodes (Meloidogyne spp.) in cucumber were effective in management of root-knot nematodes (Meloidogyne spp.) in cucumbers (VinelinaYankova et al., 2014) .
Hence, the use of a combination formulation of P. lilacinum and P. fluorescens enriched in vermicompost would be very useful for the management of the nematode induced disease in bitter gourd. Therefore, this formulation could be proposed as an ideal component of an integrated pest management package.
